A b s t r a c t
Introduction
Mild cognitive impairment (MCI) was treated in the past as a transitional state between the physiological aging and dementia. Currently it is a separate diagnosis, although very heterogeneous. It requires clinical vigilance because of possibility of conversion to dementia, most often to Alzheimer's disease (AD), with an average of 7-15% per year. The moment of conversion is very important due to the possibility of therapeutic effects, which are most effective in the early stages of AD, while the recommended treatment of MCI does not exist. Criteria for diagnosis of AD (NIA/AA, 2011) [1] include not only the dementia phase but also the MCI phase and preclinical phase of Alzheimer's disease pathophysiological process, when pathological changes are present in the brain but the patient does not have any clinical symptoms. Such state can last for even twenty years.
Although "amyloid cascade hypothesis" has given rise to doubts [2] , diagnostic criteria of MCI from 2011 indicate the important role of biomarkers [1] . Biomarkers can improve the prediction of MCI conversion to AD. Significant markers include markers of β-amyloid (Aβ) deposition (decreased level of Aβ in the cerebrospinal fluid (CSF) or positive amyloid imaging in PET) and markers of neuronal injury (increased levels of tau protein-total and/or phosphorylated in CSF or decreased glucose uptake in the temporal-parietal area in FDG-PET or reduced volume of hippocampus in magnetic resonance imaging -MRI) [1] . Currently, these parameters are not used in clinical practice because of the lack of treatment of MCI due to AD. However, positive biomarkers increase the likelihood that the cognitive impairment can be caused by the pathophysiological process of AD [9] . In such case the probability of MCI conversion to AD in the future is higher.
The aim of our study was to evaluate the usefulness of several biomarkers in predicting the conversion of MCI to AD: β-amyloid and tau proteins in the CSF and volumetric evaluation of different brain structures including the hippocampus in MRI.
Material and methods
The study population was 40 patients (22 women and 18 men), aged 50-80 years, with MCI diagnosed in the Alzheimer's Department (according to the diagnostic criteria from 2004; Winblad et al.) [16] . The Mini Mental State Examination (MMSE) [7] , neurological and neuropsychological assessments (using standard neuropsychological tests) were performed; on CDR scale all patients received 0.5 [10] . Laboratory tests were taken to exclude other causes of cognitive impairment. Brain MRI was performed for all patients on a 1.5 T Toshiba apparatus to calculate volumes of selected structures (hippocampus, entorhinal cortex, posterior cingulate gyrus, parahippocampal gyrus, superior, medial, inferior temporal gyri and total intracranial volume) using FreeSurfer software. Each volume (hippocampus, entorhinal cortex, posterior cingulate gyrus, parahippocampal gyrus, superior, medial, inferior temporal gyri) was divided by the total intracranial volume to normalize results and to eliminate differences in the brain size (according to Whitwell) [15] . All volumes were multiplied by 1000 in order to facilitate comparison between them. Each patient had a lumbar puncture to evaluate Aβ and tau protein (total and phosphorylated) in the cerebrospinal fluid. There was a 2-year observation period. During control visits, MMSE, neurological and neuropsychological examinations were performed to assess potential disease progression to AD. Alzheimer's disease was recognized on the basis of the diagnostic criteria NIA/AA, 2011 [1] .
Patients diagnosed with conversion to AD had been treated with the acetylcholinesterase inhibitor. All patients have remained under the care of our Memory Disorders Outpatient Clinic and have had periodical follow-up visits. 
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Results
Amongst 40 patients with MCI, 9 (22.5%) converted to AD within 2 years of observation (on average 9.2 months, SD 5.8). The study population was divided into two subgroups: subgroup 1: non-converters, who did not convert to AD (31 patients) and subgroup 2: converters, who converted to AD (9 patients). The characteristics of subgroups, including the results of CSF are shown in Table I , together with the cut-off points (established in our laboratory, described in our previous study [8] ).
On the basis of our laboratory cut-offs the most corresponding was Aβ 1-42 value, which was positive for 7 of 9 (77.8%) converters but for 13 of 31 nonconverters it was false positive. A positive value for total tau protein was obtained for 6 of 9 (66.7%) converters and the value false positive for 11 patients with stable MCI. The result of phosphorylated tau protein was positive only for 33% of converters. Table II presents descriptive statistics for all measured structures in MRI -average normalized values were multiplied by 1000 for easier data comparison. Table III shows the results the Student's t-test significance of differences between subgroups for independent samples.
Statistically significant values were obtained for the left hippocampus, right hippocampus, left entorhinal cortex, right inferior temporal gyrus and Aβ (p ≤ 0.05). Discriminant analysis model used all volumetric measurements and values of Aβ and total tau to determine subgroup membership: converter or non-converter. Discriminant analysis was conducted in three steps: for volumetric measurements only, for Aβ and total tau (phosphorylated tau was excluded because of high p-value) and for volumetry and CSF biomarkers. Sensitivity for MCI conversion to AD on the basis of volumetric measurements was 88.9% and specificity 90.3%. On the basis of Aβ and total tau sensitivity was 77.8% and specificity 83.9%. The percentage of correct classification using the results of the volumetric measurement was 90%, and by using Aβ and total tau 82.5%. The results of the volumetric measurements together with results of the proteins in the CSF did not increase the sensitivity (88.9%) but increased specificity to 96.8% and the percentage of correct classification to 95%. Sensitivity, specificity and the percentage of correct classification for parameters which were statistically significant are presented in Table IV .
Discussion
The obtained results confirm that the use of volumetric assessment of selected brain structures and the assessment of Aβ and tau protein in CSF can be useful in predicting the MCI progression to AD. However, the biggest limitation of our study was the small group of patients (40 persons), so the results are limited. Surprisingly, sensitivity for volumetric measurements was almost 90%, whereas in our previous study (101 patients diagnosed with MCI) we have obtained sensitivity of 64.7%, specificity of 96.4% and classification rate of 91% (in this study 90%) [11] . Similar results using volumetry were presented by Convit. His study group was also limited (46 patients); sensitivity of the prediction of conversion by using volume of hippocampus was 57% (in our study 66.7%) and by using all measured volumes increased to 93% (in our study to 88.9%), specificity was 97% (in our study 90.3%) [3] . Taking into account individual volumetric measurements the results obtained in our previous study were confirmed, i.e. the highest sensitivity was for the hippocampus and then for the left entorhinal cortex [11] . Our results are contrary to the results presented by Dickerson (23 patients diagnosed with MCI, observation period of 12-77 months) or Stoub (23 patients diagnosed with MCI and 35 from the control group, observation period was 5 years) in whose studies volume of 
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entorhinal cortex was a better parameter than volume of hippocampus in predicting MCI conversion to AD [4, 13] . It should be noted that higher sensitivity compared to single volumetric measurements, was obtained for Aβ (77.8%), as in Egli's study, and as for total tau it was the same as for hippocampi (66.7%) but total tau has had higher specificity compared with Aβ and hippocampi which gives the best percentage of correct classification (conversion vs. no conversion) for total tau protein (80%). Specificity increased after using a few parameters together [5] . Biomarkers were also studied in Ewers' study; the most sensitive parameter was volumetric measurement of left hippocampus and the highest percentage of correct classification was achieved by using the right entorhinal cortex volume. Sensitivity and specificity of prediction of MCI conversion to AD increased in the models using parameters of cerebrospinal fluid [6] .
The study which used ADNI database [14] on 162 patients with diagnosed MCI showed superiority of the biomarkers from CSF in predicting the conversion of MCI to AD (sensitivity 76.4% vs. 65.4%), the percentage of correct classification for both markers was the same (65.4%) but increased (to 68.5%) using both methods together (follow-up period of 36 months).
In Prestia's study the highest sensitivity was for Aβ (79%) as a single biomarker, which was also confirmed in our work, with the highest specificity for the volumetric measurement of hippocampus (76%). The study group consisted of 103 patients diagnosed with MCI (from two databases: ADNI and TOMC and follow-up period was 36 ± 12 months) [12] .
The follow-up period for our study was 2 years and there is a possibility that in the coming years progression to AD in subsequent patients can be observed, so the proportion of converters to nonconverters can change and sensitivity of used methods can also improve. The patients enrolled in our study met the MCI criteria [16] ; conversion to AD was diagnosed in the patients who progressed to dementia and met criteria for probable AD [9] but even in such a small group there is a probability of a mistake in diagnosis (other type of dementia for example FTD, DLB).
Conclusions
The above-mentioned biomarkers seem to be important parameters, in particular when biochemical biomarkers are used together with volumetric ones. Possibility of CSF analysis with Aβ and tau protein assessment is nowadays easier. MRI is also widely available. Confirmation of effectiveness of the method requires the study and observation on a larger group of patients with diagnosed MCI.
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